WORLD [NTELLECTUM, PROPER-nr ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classiflcatk>n ^ : 
A61N l/362» 1/39 



Al 



(11) InternatlonaJ Publication Number: ^VO 98/4R891 

(43) Internationa] Publication Date: 5 November 1998 (05.11.98) 



(21) International Application Number: PCT/US 98/07674 

(22) International Filing Date: 17 April 1998 (17.(M,98) 



(30) Priority Data: 

60/045,212 
08/947,256 



30 April 1997 (30.04.97) 
8 October 1997(08.10.97) 



US 
US 



C<3) Related by Continuation (CON) or Continuatlon-tn-Part 
(CIP) to Earlier Applicatiooa 

US 60«H5,212 (CIP) 

Filed on 30 April 1997 (30.04.97) 

US 08/947.256 (CIP) 

Filed on 8 October 1997 (08.10.97) 



(71) Applicant (for all dtsigncud States exctpt US): CARDIAC 

PACEMAKERS, INC. [US/US]; 4100 Hamline Avenue 
North, St Paul, MN 55U2 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): KRIO. David, B. [US/US]; 
30^5 - 83Td Une North, Brooklyn Park, MN 55444 (US). 
GILKERSON. James, O, [US/US]; 10800 KcWin Avenue 
North, SiiHwater, MN 55082 (US). DREHER, Robert, D. 
[US/USl; 3055 Woodbridge Street, RosrviUe, MN 551 P 



(US). WALD, Jan, D. [US/US]; 6308 Conconi Avenue. 
Edina, MN 55424 (US). LINDER, William, J, (US/US); 
2640 Kyle Avenue North, Golden Valley. MN S5422 
(US), 2IMMER. William, L. lUS/US}; 3111 Avon Strtet, 
Roseville. MN 55113 (US). 

(74) Agent: VIKSNINS, Ann, S.; Schwegman, Uindbcrg, Wocssner 
A Kluth, P.O. Box 2938, Minneapolis. MN 55402 (US). 



(81) Designated States: CA, US. European patent (AT, BE. CH, 
CY, DE, DK. ES. FI. FR, GB, OR. IE, IT. LU, MC. NL, 
PT, SE). 



Published 

With ini^mationai tearch report. 



(54) Title: APPARATUS AND .VfETHOD FOR TREATING VENTRICULAR TACHYARRHYTHMIAS 



(57) Abstract 

A system and method for selectively treating a ventricular 
tachycardia based on sensed atrial and ventricular intervals from 
the patient's hcatt A detection window of the ten most recent 
atrial and ventricular intervals are analyzed for the occuncncc 
of cither tachycardia or fibrillatioo. When a majority of the 
sensed intervals are satisfied, the apparatus starts a duration time 
interval. Ventricular intervals and atrial iniervab are compared 
if the ventricular interval is greater than the atrial interval by a 
bias factor the system delivers tachycardia therapy to the heaiL 
Alternatively, the method withholds tachycardia therapy to the 
heart when the atrial rale is classified as atrial fibrillatioo and the 
ventricular response is unstable. 




BNSC)OaD«WO_ 984e»91AtJ_> 



00020804.MAX 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing intemationAl applications under the PCT. 



AL 


Atbanlt 


KS 


Sptin 


L5 


Lomtw 




Sbvaala 


AM 


Armenu 


Fl 


FfnUad 


LT 




8K 


Skwakla 


AT 


Awtna 


FR 




LU 


t^UMmtKNOf 


BN 


Scnefal 


AU 


Australia 


GA 


0«|XM 


LV 


LjM« 


S2 


Swadind 


KZ 


AzertMijio 


CB 




MC 




TD 


Chad 


BA 




GB 




MO 


RcfMbUc <tf MoUhwa 


TO 




BB 


Butadot 


GH 


OIlMl 


MG 


Mtdasaacir 


TJ 


T^pdMan 


Bft 




ON 


Guinet 


MK 


TTw fuintBr Yiifotliv 


-m 


TUffcrncnlttan 


BF 


Burttbii Pwo 


GR 


Greece 




Re^k of MtcedooU 


TR 


TtHkey 


BG 


BtUfATM 


HU 


Huafwy 


ML 


MlU 


TT 


Trl&idad «d TofaHo 


BJ 


Benin 


IK 


Ireland 


MN 




UA 


Ukiane 


BR 


Brazil 


IL 


Uf«el 


MR 


MwritMla 


UO 


UvMda 


BY 


BcUntt 


ts 


IcelMd 


MW 


MalnH 


J3$ 


United Statei of America 


CA 


CukU 


IT 


rialy 


MX 


MMko 


uz 


Uzfaduma 


CF 


Cottrtl African Hepubiic 


JP 




NS 




VN 


Viet Nam 


CC 


Cotfo 


KR 


Kenya 


NL 


NedMrtandi 


YO 


YufMltvii 


CH 




KG 


KytXyiatan 


NO 


Noiwty 


ZW 




C! 


Ctee d'lvoire 


KP 


Democmic Peopte'i 


NZ 


rkwZcalaM) 






CM 


Ctmooon 




RepubKc of Koma 


PL 








CN 


Chtni 


KR 


ReiMibie of Kom 


PT 


Ptatufal 






CVJ 




KZ 




RO 








cz 


Ctfch Rcpubfic 


LC 


(faiM l.iKia 


RU 


RuMlaa Pademlon 






DB 


Gemufiy 


LI 


L tecfacenctt 


SD 


Sudan 






DK 




LK 


Snunka 


SS 


Swetea 






EE 


Ejtonia 


LR 


Ubena 


SG 









00020804.MAX 



wo 98/48S91 



PCT/US98A>7«74 



APPARATUS AND METHOD FOR TREATING VENTRICULAR 
TACHYARRHYTHMIAS 

5 

Field of the i nvention 

The present invention relates generally to implantable pulse 
generators and in particular to implantable cardioverter-defibrillators for treating 
ventricular tachyarrhythmias. 

10 Backgrownd of thg Invcation 

Implantable cardioverter-defibrillators (ICDs) have evolved 
significantly since their clinical introduction by Miroski in 1980. Initial ICDs 
were designed to recognize ventricular fibrillation and to deliver high-energy 
shocks in an attempt to treat the arrhythmia. However, clinical 

1 5 electrophysiology research indicated that an ICD capable of recognizing and 
treating ventricular tachycardias as well as ventricular fibrillation was useful for 
prevention of arrhythmic death. 

Subsequent ICD development lead to devices that were able to 
treat ventricular tachycardias with ariiiiachycardia pacing and low-energy 

20 cardioversion shocks in conjunction with back-up defibrillation therapy. These 
ICDs monitored the heart rate and the onset of the ventricular anhythmia from 
ventricular endocardial signals to determine when the heart was in need either of 
cardioversion to treat a ventricular tachycardia or of defibrillation to treat 
ventricular fibrillation. While it was successful in detecting ventricular 

25 arrhythmias, the ICDs were unable to reliably discriminate sinus tachycardia and 
atrial arrhythmias, particularly paroxysmal atrial fibrillation, from malignant 
ventricular rhythms because of the sole reliance on ventricular cardiac signals to 
determine the cardiac state. As a result, the ICD might deliver inappropriate 
therapy based on aberrant ventricular signals that have their origins in an 

30 undetected supraventricular tachyarrhythmia, leading to an uncomfortable 
cardioversion shock being delivered to the patient. 

In an attempt to correct this problem ICDs have been designed 
with dual chamber sensing capabilities to detect and analyze both ventricular and 
atrial endocardial signals. This increase in cardiac signal input to the ICD has 



BNSDOCID <WO 9«4«9M1 l_> 



00020804.MAX 



wo 98/48891 



PCT/US98A)7674 



2 

provided an opportunity to determine the origin and the nature of the ventricular 
tachyarrhythmia, and to reduce the frequency of inappropriate therapy being 
delivered to an implant patient. However, while the combination of 
antitachycardia pacing with low and high energy shock delivery as well as 
5 backup bradycardia pacing in ICDs has expanded the number of clinical 
situations in which the device may appropriately be employed, means of 
coordinating ventricular and atrial rate information in a way that results in a 
system that effectively and efficiently treats an implant patient is still desired. 
SftypTiary pf the InvffltiM 

1 0 The present invention includes a system and a method for 

reducing imneccssary treatment of a rapid ventricular rate caused by a conducted 
atrial fibrillation. The system and method treat ventricular tachycardia by first 
sensing and analyzing cardiac signals from both the atrial and ventricular 
chambers. Pathological heart rhythms arc detected by determining the patient's 

1 5 heart rate, the atrial/ventricular relationship of the rhythm, the suddenness of 
onset rate of the anhythmia, the rate stability of the rhythm, the sustained rate 
duration of the arrhythmia, and whether the atria are in a state of fibrillation. 
This information is then used to assess the origin of a rapid ventricular rate and 
to determine when and what type of ventricular therapy is to be delivered to the 

20 heart. By analy2ing the origin of the rapid ventricular rate prior to delivering 
ventricular tachycardia therapy, true ventricular tachycardia can be treated 
quickly and when ventricular tachycardia is of atrial origin, treatment can be 
delayed to determine if will convert naturally. 

According to one embodiment of the present invention there is 

25 provided a system including (1) electronic control circuitry within an 

implantable housing coupled to implantable ventricular and atrial catheters for 
identifying and analyzing cardiac signals in the maimer described above and for 
providing electrical energy to the heart to affect sinus rhythm of the heart in the 
manner described above in response to a signal from the electronic control 

30 circuitry indicating the occurrence of an auial arrhythmia. 
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The system allows the user to partition therapy into a maximtim 
of three programmable tachycardia therapy zones. The system provides 
tachycardia therapy to the patient in the form of anti-tachycardia pacing pulses, 
low energy cardioversion shocks, or high voltage defibrillation shocks. Anti- 
5 tachycardia pacing pulses may be adapted to the individual chamber (atrium or 
ventricle) depolarization rates. A variety of conversion schemes including, fixed 
or adaptive burst, ramp, scan, and ramp/scan, may be selected. To convert rapid 
ventricular tachycardia (VT) and ventricular fibrillation (VF), the system 
provides both monophasic and biphasic, synchronous, defibrillation shocks to 
10 the patient. 

Brief Description of the Drawinei 

Figure 1 is a schematic view of a cardioverter-defibrillator 
including a system according to the present invention that is implanted in the 
human body and is coupled to atrial and ventricular leads implanted in a human 
15 heart; 

Figure 2 is a block diagram of electronic control circuitry 
included in a system according to the present invention; 

Figure 3 is a flow diagram of a first portion of the marmer in 
which the elecu^onic circuitry included in the system operates according to the 
20 present invention; 

Figure 4 is a flow diagram of a second portion of the manner in 
which the electronic circuitry included in the system operates according to the 
present invention; 

Figure 5 is a graph illustrating a determination of the presence or 
25 absence of sudden onset rate of a ventricular tachycardia by the system according 
to the present invention; 

Figure 6 is a graph illustrating a determination of the stability or 
instability of a ventricular tachycardia by the system according to the present 
invention; and 

30 Figure 7 is a chart illustrating an example of the use of the 

detection enhancements. 
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D^taikd Description 

In the following Detailed Description, reference is made to the 
accompanying drawings which form a part hereof and in which is shown by way 
of illustration specific embodiments in which the invention may be practiced. 

5 rhese embodiments are described in sufficient detail to enable those skilled in 
the art to practice and use the invention, and it is to be understood that other 
embodiments may be utilized and that electrical, logical, and structural changes 
may be made without departing from the spirit and scope of the present 
invention. The following detailed description is, therefore, not to be taken in a 

1 0 hmiting sense and the scope of the present invention is defined by the appended 
claims and their equivalents. 

Referring now to Figure I of the drawings, there is shown a 
system 20 including an implantable pulse generator 22 physically and 
electrically coupled to an atrial catheter 24 and a ventricle catheter 26, which 

15 system 20 may be used in practicing the method according to the present 

invention. The system 20 is implanted in a human body 28 with portions of the 
atrial and ventricular catheters 24 and 26 inserted into a heart 30 to detect and 
analyze electric cardiac signals produced by both the atria 32 and the ventricles 
34 of the heart 30 and to provide electrical energy to the heart 30 under certain 

20 predetermined conditions to treat ventricular tachycardias and ventricular 
fibrillation of the heart 30. 

A schematic of the pulsed generator 22 electronics is shown in 
Figure 2. The implantable pulse generator 22 comprises an implantable housing 
36 which contains a microcontroller/CPU 100, read only memory (ROM) 102, 

25 sensing hardware 104, including atrial and ventricular sense amplifiers (not 
shown); therapy delivery hardware 106, and telemetry hardware 108. All 
electronic components of the pulse generator 22 are interconnected by way of a 
bus connection 101 . The method of the system 20 is implemented in an 
algorithm as firmware within the ROM 102 and is executed by the 

30 microcontroller/CPU 100. The sensing hardware 104 is also coimccted to the 
microcontroller/CPU 100, and contains a plurality of electrical connections 1 10 
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coupled to the atrial and ventricular sense amplifiers. The output of the sense 
umplifiers is connected to the microconlroUer/CPU 100, so that the atrial 32 and 
the ventricle 34 cardiac signals received through the sensing hardware 104 are 
analyzed by the algorithm within the microcontroller/CPU 100. 

5 The microcontroller/CPU 1 00 is also coupled to the therapy 

delivery hardware 106, which controls the delivery of electrical energy to the 
heart 30 through a plurality of electrical output cotuiections 1 12 to affect the 
sinus rhythm of the heart 30 under certain combinations of atrial 32 and 
ventricular 34 conditions. Power to the implantable pulse generator 22 is 

1 0 supplied by an electrochemical battery ] 1 4 that is housed within the implantable 
pulse generator 22. The implantable pulse generator 22 is interrogated and 
programmed via bi-directional radio frequency telemetry through the telemetry 
hardware 1 08 with an external programmer. 

Referring again to Figure U ^ cormector block 38 is mounted on 

1 5 the implantable pulse generator 22. The connector block 38 has two connector 
ports to physically and electrically connect the atrial catheter 24 and the 
ventricular catheter 26 to the sensing hardware 104 and the therapy delivery 
hardware 106 of the implantable pulse generator 22. Additional connector ports 
can be added to the connector block 38, and configurations with three or more 

20 ports are known. Alternatively, the connector block can be provided with one 
connector port for physically and electrically connecting an implantable 
transvenous catheter to the implantable pulse generator 22. 

The electrical activity in the heart 30 is sensed and therapies are 
delivered to the heart 30 through at least one transvenous pacing/defibrillation 

25 lead connected to the implantable pulse generator 22. Unipolar and/or bipolar 
pacing and sensing electrodes can be used in conjuxKition with the at least one 
transvenous pacing/defibrillation lead. In the embodiment shown in Figure 1 , 
bipolar leads and sensing circuits arc utilized for sensing both the atrial 32 and 
the ventricular 34 activity. Sensing atrial activity includes the determination of 

30 atrial P-waves for the purpose of determining atrial intervals, and ventricular 
activity is monitored by sensing for the occurrence of ventricular R-waves for 
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the purpose of determining ventricular intervals. Pacing therapies to the atrium 
32 or ventricle 34 are delivered to the heart 30 using these same leads. The 
system 20 also has defibrillation electrodes which are connected to the electrical 
output connections 112, and serve to deliver cardiovcrtion and defibrillation 
5 level electrical pulses to the heart 30 upon a signal from the microcontroller/CPU 
100 indicating a predetermined condition within the heart 30, The housing 36 of 
the system 20 is an optional defibrillation electrode, where the housing 36 of the 
implantable pulse generator 22 is electrically connected to a cathode pole of the 
therapy delivery hardware 106. AH defibrillation electrical pulses are delivered 

10 to the heart with at least two defibrillation electrodes, or through at least one 
defibrillation electrode and the housing 36 of the implantable pulse generator 22. 
The system 20 supports a pliu-ality of pacing regimens, including DDD pacing. 

Besides the lead configuration shown in Figure 1, the system 20 
supports several other lead configurations and types. For example it is possible 

1 5 to use ventricular epicardial rate sensing, atrial endocardial bipolar pace/sensing, 
ventricular endocardial bipolar pace/sensing, epicardial patches, and Endotak (8 
Series and ancillary leads in conjunction with the implantable pulse generator 22. 

Referring now to Figure 1 , there is shown an embodiment of the 
system 20 of present invention where the atrial catheter 24 has an elongate body 

20 40 having a peripheral surface 42, proximal and distal ends, 44 and 46, a first 
atrial electrode 48 and a second atrial electrode 50 on the peripheral surface 42. 
The first atrial electrode 48 and the second atrial electrode SO receive bipolar 
electrical cardiac signals from the right atrium chamber 52 of the heart 30, and 
are attached on the peripheral surface 42 of the elongate body 40. 

25 The first atrial electrode 48 is at or adjacent to the distal end 46 of 

the elongate body 40 and is either a pacing tip electrode or a semi-annular 
electrode partially encircling or an annular electrode encircling the peripheral 
surface 42 of the elongate body 40. The second electrode 50 is an annular 
electrode encircling or semi-aimular electrode partially encircling the peripheral 

30 surface 42 of the elongate body 40. The second electrode 50 is spaced 

longitudinally along the peripheral surface 40 from the first atrial electrode 48 
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and the distal end 46 of the atrial catheter 24 such that when the atrial catheter 24 
is inserted into the right atrial chamber 52 of the heart 30, the first atrial 
electrode 48 is in physical contact with a portion of a wall of the right atrial 
chamber 52 of the heart 30 and the second electrode 50 is within the right atrium 
5 chamber 52. 

Electrical leads extend longitudinally within the elongate body 40 
of the atrial catheter 24 from a connection end at the proximal end 44 and make 
connection to the first and second atrial electrodes 48 and 50. The proximal end 
44 of the atrial pacing catheter 24 is releasably attached to the cotmector block 

10 38 of the implantable pulse generator 22 with the contact ends of the electrical 
leads in electrical connection with both the sense amplifiers of the sensing 
hardware 1 04 and the therapy delivery hardware 1 06 such that the implantable 
pulse generator receives bipolar signals from and delivers bipolar pacing to the 
right atrium 52 of the heart 30. 

1 5 The ventricular catheter 26 comprises an elongate body 54 having 

a peripheral surface 56, proximal and distal ends, 58 and 60, and a ventricle 
pacing electrode 62, a first defibrillation electrode 64, and a second defibrillation 
electrode 66 on the peripheral surface 56 of the elongate body 54, The 
ventricular pacing clecU-ode 62 and the first defibrillation electrode 64 arc 

20 adapted to receive electrical cardiac signals from the right ventricle chamber 68 
of the heart 30, and are attached on the peripheral surface of the elongate body 
54. The second defibrillation electrode 66 is space apart and space 
longitudinally on the peripheral surface 56 of the ventricular catheter 26 to afford 
positioning the ventricular catheter 26 in the heart 30 with the ventricular pacing 

25 electrode 62 in the apex of the right ventricle 68, the first defibrillation electrode 
64 within the right ventricle chamber of the heart, and the second defibrillation 
electrode 66 within the right atrium chamber 52 or a major veui leading to right 
atrium. 

Electrical leads extend longitudinally vrithin the elongate body 54 
30 of the ventricular catheter 26 fi-om a connection end at the proximal end 58 to 
make coimection with the ventricular pacing electrode 62, the first defibrillation 
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electrode 64, and the second defibrillation electrode 66, The proximal end 58 of 
the ventricular catheter 26 is releasably attached to the connector block 38 of the 
implantable pulse generator 22 with the contact ends of the electrical leads in 
electrical connection with both the sense amplifiers of the sensing hardware 104 
5 and the therapy delivery hardware 106 such that the implantable pulse generator 
22 receives either unipolar or bipolar signals from and can deliver unipolar or 
bipolar pacing to the right ventricle 68 and defibrillation electrical pulses to the 
ventricles 34 of the heart 30. 

The atrial catheter 24 and the ventricular catheter 26 are 

10 releasably attached to and arc separated from the implantable pulse generator 22 
to facilitate inserting the atrial catheter 24 into the heart 30. The atrial and 
ventricular catheters, 24 and 26, arc inserted into the heart 30 transvcnously 
through a cephalic or subclavian vein to position the distal end 46 of the atrial 
catheter 24 in the right atrium chamber 52 and the distal end 60 of the ventricular 

15 catheter 26 in the apex of the right ventricular chamber 68. The proximal end 44 
of the atrial catheter 24 and the proximal end of the ventricle catheter 26 are then 
attached to the implantable pulse generator 22. The proximal end 44 of the atrial 
catheter 24 and the proximal end 58 of the ventricular catheter 26 are adapted to 
seal together with the connector ports of the implantable pulse generator 22 to 

20 thereby engage the contact ends of the atrial catheter 24 and the ventricular 
catheter 26 with the plurality of electrical connections 1 10 and the therapy 
delivery hardware 106 of the implantable pulse generator 22. The implantable 
pulse generator 22 of the system 20 is then positioned subcutaneously within the 
body 26. 

25 Referring now to figure 3, there is shown a flow diagram of a first 

portion of the manner in which the electronic circuitry of the system 20 operate 
according to the present invention. Detection decisions by the system 20 are 
based on detected cardiac cycle lengths. Initially, the system 20 monitors and 
analyzes sensed ventricular events within the heart 30 during a ventricular 

30 monitoring step 300, During the ventricular monitoring step 300, the system 
senses the occurrence of ventricular R-waves, from vsrhich a ventricular uiterval 
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rate 302 (i.e., an R-R wave time interval) is calculated. The system 20 then 
calculates an average ventricular rate from the sensed ventricular interval rate 
304. 

The system 20 can be programmed to define one, two, or three 

5 rate zones that are above a defined upper limit for normal ventricular interval 
rates. A rate zone is a range of ventricular interval rates which is defined 
between a lower rate threshold, and a lower rate threshold of the next faster rate 
zone (if any) programmed in the system 20. For each rate zone, the lower rate 
threshold is a programmable value in beats per minute (bpm) and is the value to 

10 which the system 20 compares each sensed ventricular interval rate to determine 
the zone in which that ventricular interval rate belongs. Rate zones can be 
defined for slow tachycardia (VT-1). fast ventricular tachycardia (VT), and 
ventricular fibrillation (VF), When only one rate zone is programmed, the 
system only monitors for the VF rate zone; when two rate zones arc programmed 

1 5 the system monitors the VF and the VT rate zones; and when three rate zones are 
progranuned the system monitors the VF, VT, and the VT-1 rate zones. 

The lower rate threshold for a one-zone configuration, (i.e.. only 
the VF rate zone is programmed) can be a programmable value between 1 30 to 
250 bpm. For a two- or three-zone configuration the lower rate threshold for the 

20 VT rate zone can be programmable between 110-210 bpm and for the VT- 1 rate 
zone the lower rate threshold can be programmable between 90-200 bpm. 

To determine if an individual ventricular interval rate falls into a 
programmed rate zone, the system 20 detects the intervals between a series {e.g. , 
4-16, 6-14, or 8-12) of the most recent consecutive ventricular R-wavcs. 

25 Detecting the interval between 1 0 of the most recent consecutive ventricular R- 
waves is considered to be a good sampling. This sampling is called a detection 
window, with a new detection window occurring with each consecutive 
ventricular R-wave. The system assesses the ventricular interval in relation to 
one of the rate zones. The use of detection windows helps to differentiate and 

30 classify ventricular tachyarrhythmias into a rate zone, and helps to ensure that the 
correct ventricular therapy is delivered to the patient. 
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As each new ventricular interval rate is measured in the 
ventricular monitoring step 300, it is compared to each rate zone's lower rate 
threshold in the detection window analysis step 306. Based on this comparison^ 
the ventricular interval rate is classified 308 as being either a fast or a slow 

5 ventricular interval with respect to each of the rate zones. A slow ventricular 
interval for a given rate zone has a ventricular interval rate that is less than that 
rate zone's lower rate threshold, and a fast ventricular interval for a given rate 
zone has a ventricular interval rate that is equal to or greater than the rate zone's 
lower rate threshold. When a predetermined percentage of the ventricular 

1 0 interval rates within the detection window are classified as being fast ventricular 
intervals for a rate zone 310 (i.e., that predetermined percentage can be a value 
between 65-95, 70-90, or 75-85 percent of the ventricular interval rates, with SO 
percent being an acceptable value) the system 20 is "satisfied" that the 
ventricular rate intervals for the heart are properly classified in that rate zone. 

1 5 Herein this condition is referred to as the detection window being satisfied 310. 
If the detection window is not satisfied, the system 20 returns to the ventricular 
monitoring step 300. 

When a rate zone detection window becomes satisfied that the 
ventricular rate interval for the heart is property classified in one of the VF, VT, 

20 or VT-1 rate zones, the system 20 switches to a cardiac episode condition and 
starts a duration time interval 3 12. A different duration time interval is 
associated with each rate zone. The duration time interval times a length of time 
during which the system 20 continues to monitor and analyze the ventricular 
interval rates within the detection v^ndows to ensure that the ventricular 

25 tachyarrhythmia of a satisfied rate zone is sustained, rather than transitory, before 
the system 20 initiates a selected treatment. The length of each duration time 
interval is programmed for each rate zone. For example, the duration time 
interval for the VF rate zone can be programmed for a duration between 1-15 
seconds, the duration time interval for the VT rate zone can be programmed for a 

30 duration between 1-30 seconds, and the duration time interval for the VT-1 rate 
zone can be programmed for a duration of between 1-60 seconds. The dmation 
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time programmed for any lower rate 2X)nes must be equal to or greater then the 
duration time interval for a higher rate zone. 

Once the system 20 becomes "satisfied" that the ventricular rate 
interval for the heart is properly classified in that rate zone, the system 20 also 

5 starts a rate zone remaining satisfied step 314, where the system 20 continues to 
monitor the ventricular interval rates within the shifting detection window to be 
sure that the ventricular rate interval for the heart remains properly classified in 
that rate zone. This condition is satisfied as long as at least a maintenance 
percentage of the ventricular interval rates in the subsequent detection windows 

10 remain classified as fast ventricular intervals within the satisfied rate zone. The 
maintenance percentage of the ventricular interval set is a value between 45-75, 
55-65, or 55-65 percent of the ventricular interval set, where 60 percent is a 
acceptable value. Herein this condition is referred to as the detection window 
remaining satisfied. 

1 5 The duration time bterval continues to elapse so long as a 

satisfied detection window remains satisfied. The duration time interval is 
checked by the system 20 during each ventricular interval to determine if the 
duration time interva. has expired 314. If at any point the system 20 detects 
fewer than the maintenance percentage of fast ventricular intervals, the duration 

20 time interval for that rate zone is reset to zero, and the system 20 returns to the 
ventricular monitoring step 300 for that particular rate zone which failed to 
remain satisfied. 

The duration time interval for a rate zone runs independently of 
any other rate zone duration time interval. A hierarchy of rate zone duration 

25 limes exists where a higher rate zone duration time interval takes precedence 
over a lower rate zone timer. Thus, if both a higher and a lower rate zone 
become satisfied, the lower rate zone duration time interval will continue to 
elapse, but will be ignored while the higher rate zones' duration time interval is 
elapsing. If the higher rate zonc^s duration time interval expires and the rate 

30 zone has remained satisfied, therapy for that higher rate zone will be initiated 
regardless of the state of the lower rate zone timer. If, however, the higher rate 
zone's detection window does not remain satisfied, then the duration time 
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interval for the lower rate zone is no longer ignored and therapy for the lower 
rate zone will be initiated when its duration time interval expires, provided the 
lower rate zone remains satisfied and no higher rate zone window becomes 
satisfied. Alternatively, if a detection window is satisfied for a lower rate zone, 

5 subsequent ventricular interval rates that are classified in a higher rate zone, or 
rate zones, would be counted for keeping the lower rate zone satisfied and for 
satisfying the higher rate zone. If the higher rate zone were to become satisfied 
prior to the satisfied lower rate zones duration time interval expiring, the system 
20 would deliver therapy only at the expiration of the higher rate zone duration 

10 time interval. 

When the highest satisfied rate zone duration time interval expires 
and the last detected ventricular interval rate falls within that rate zone, therapy is 
initiated. This function is carried out in a last beat in zone detection step 316, 
where the system 20 ensures that the proper therapy is selected in the presence of 

1 5 a changing ventricular rate ' f the last detected interval docs not remain in the 
highest satisfied rate zone, the system 20 forces a dely in initiating therapy until 
the next ventricular interval by returning to the rate zone remaining satisfied step 
312. Each subsequent interval will be analyzed until the ventricular interval rate 
is within the highest satisfied rate zone, or the window for the highest satisfied 

20 rate zone fails to remain satisfied. If the next interval is within the highest 
satisfied rate zone, therapy will be initialed 318. If it is not within the highest 
satisfied rate zone, the next interval is examined, and the process is repeated. 

During any such delay because the next interval is not within the 
highest satisfied rate zone the system 20 can fail to remain satisfied if the 

25 ventricular interval rate decreases and the rate zone drops below the maintenance 
percentage. Also, during the delay there is the potential for a higher rate zone 
window to become satisfied if the ventricular interval rate were to iiKrcase. If a 
detection window for a higher rate zone does become satisfied, then the therapy 
selection is delayed until either the higher rate zone duration time interval 

30 expires or the detection window for the higher zone no longer remains satisfied. 
This ensures that the system 20 will provide the appropriate therapy for the 
highest satisfied rate zone. On the other hand, if for a satisfied rate zone, the 
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number of ventricular intervals within or above that rate zone falls below the 
maintenance percentage the system 20 will then return to the ventricular 
monitoring step 300. 

Once the last beat in zone criteria is met, the system 20 proceeds 

5 to initiate and deliver a ventricular tachycardia therapy m an initiate therapy step 
3 1 8, The system 20 can be programmed to deliver two types of therapy to 
terminate ventricular tachycardia or fibrillation: antitachycardia pacing (ATP) 
and/or cardioversion/defibrillation shocks. Antitachycardia pacing schemes 
consist of bursts of pacing pulses that are delivered between the ventricular rate- 

10 sensing electrodes. Shocks are high-voltage truncated exponential pulses 
(monophasic or biphasic) delivered through the shocking leads synchronously 
with delected heart activity. 

A ventricular tachycardia therapy is a therapy regimen delivered 
in a particular rate zone, and can consist of a combination of ATP and 

15 cardioverting/deftbrillating shocks. Each rate zone can be independently 
programmed with a ventricular tachycardia iheiapy. Antitachycardia Pacing 
(ATP) is used to deliver a series of pacing pulses to the ventricle in order to 
interrupt pace-terminable ventricular tachycardia. ATP ventricular tachycardia 
therapies can be programmed as off, bxirst, ramp, scan, or ramp/scan in the VT 

20 and the VT-1 rate zones. For rate zones VT-1 and VT, a maximum of two ATP 
therapies and five cardioverting/deflbnllating shocks are available to be 
programmed into the system 20. ATP therapy is not available in the VF rate 
zone of any configuration. 

Five cardioverting/defibrillation shocks are programmable into 

25 the system 20. The shock strength of the first and second cardiovciting or 
defibrillation shocks delivered in each rate zone are programmable values 
between 0.1-29 joules. The last three potential cardioverting/defibrillation 
shocks arc given at the maximum shock output of 29 joules. All shocks are 
delivered synchronously with a sensed ventricular cardia event (R-wave) if 

30 possible to avoid accelerating a tachycardia into fibrillation. The shock therapy 
consists of programmable monophasic or biphasic cardioversion/defibrillation 
shocks. In addition, the polarity of the shocks is programmable, where a duty 
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cycle of 60/40% for the biphasic waveform is considered to be an appropriate 
value. Once selected, the waveform type and polarity apply to all shocks 
delivered by the apparatus. 

When programming therapies, the therapies within a rate zone 
5 must be ordered in ascending therapy strengths. All ATP therapies are 
considered to be of equal strength, but are of lower strength than any shock 
therapy. Whenever a shock therapy has been delivered, no further ATP therapy 
is allowed, since ATP therapy is of lower strength than shock therapy. The 
strength of the shock therapies is determined from the programmed energy. In a 

1 0 multiple rate zone configuration, therapies in a higher rate zone can be of lesser 
strength or equal to those in a lower rale zone; however, within each zone the 
therapies must be programmed in equal or increasing energy output. 

In a VT- 1 rate zone of a three-zone configuration, some or all of 
the shocks may be programmed off, starting with the maximum shocks first. If 

1 5 the maximum shock ore programmed off, then the second shock can be 

programmed off, and if the second shock is programmed off, then the first shock 
can be programmed off. If the anhythmia persists in the VT-1 rate zone when 
some or all of the shocks are programmed off, no further therapy will be 
delivered unless the arrhythmia accelerates to a higher rate zone. 

20 Based on initial detection criteria, the system 20 selects the first 

prescribed therapy in the rate zone in which the tachyarrhythmia is detected. 
After delivering the selected therapy, the system 20 begins redetcction to 
determine whether the anhythmia has been converted. If the arrhythmia is 
converted to a rate below the lowest programmed threshold, the system 20 

25 continues monitoring until the cardiac episode ends. When the cardiac episode 
ends, the system 20 will again use initial detection criteria for a new cardiac 
episode. When a new cardiac episode is declared, the first prescribed therapy 
will be delivered again. If die anhythmia is not converted and an anhythmia is 
rcdetected in the same zone, the next programmed therapy in that zone is 

30 selected and delivered, followed again by redetcction. If the arrhythmia persists 
in the same rate zone the therapy will progress in that rate zone. If an arrhythmia 
crosses a rate zone (accelerates or decelerates) following therapy delivery and is 
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redetected in a higher or lower rate zone, a therapy of equal or greater strength 
than the previously delivered therapy is selected form the detected zone and 
delivered. The system 20 determines which shock to deliver prior to capacitor 
charging, based on the detected rate threshold. If during capacitor charging, the 

5 tachyarrhythmia accelerates or decelerates from the initially detected rate, the 
predetermined energy will be delivered. Redetcction is performed after each 
therapy delivery to determine if further therapy is required. 

After therapy delivery, the system 20 employs a redetection 
criteria to evaluate the Hiythm and determine whether more therapy is 

10 appropriate. When redetection criteria are satisfied, the rules for therapy 
selection then determine the type of therapy to deliver. If an ATP scheme is 
being delivered, the system 20 monitors the cardiac rate after each burst and 
employs the same type of detection window described above, looking for eighty 
percent of the intervals to be fast intervals, and the redetection duration time 

1 5 interval to determine if the tachyarrhythmia has terminated. The ATP scheme 
will continue with the next burst in the sequence until any one of the following 
conditions is satisfied: Redetection has declared that thers^y is successful (end- 
of-episode), the specified number ot ATP bursts m the scheme has been 
delivered, the ATP time-period for the zone has expired, the detected 

20 tachyarrhythmia rate changes to a different rate zone whereby a different therapy 
is selected, stability analysis forces therapy to skip over ATP therapy to initiate 
shock therapy. 

If shock therapy is being delivered, the system 20 monitors the 
cardiac rate after each shock and employs the same type of detection window 

25 described above, looking for eighty percent of the interval to be fast intervals, 
and the post*shock duration time to determine if the tachyarrhythmia has 
temiinated. Shock therapy will continue until one of the following conditions is 
satisfied: redetection has declared that therapy is successful (cnd-of-cardiac 
episode), all five available shocks have been delivered for a cardiac episode, all 

30 shocks progranuned in the VT-1 zone have been delivered and the rate stays in 
the VT-1 zone. If all available shock have been delivered for a cardiac episode, 
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no further therapy is available until the system 20 monitors a rate below the 
lowest rate threshold for 30 seconds and end-of-cardiac episode is declared. 

Cardiac episodes can be classified as either treated or non-treated 
where a treated episode is one in which a satisfied detection window remains 
5 satisfied and the therapy is delivered. A non-treated episode is one in which a 
detection window is initially satisfied but therapy is not delivered because the 
detection window fails to remain satisfied during the term of the duration time 
interval. A cardiac episode is declared complete when either the system 20 has 
terminate the cardiac episode by delivering therapy or when the cardiac episode 

1 0 has terminated naturally. For a treated episode^ an end of episode timer starts at 
the point that therapy is delivered. For a non-treated episode, an end-of-episode 
timer starts at the point that the system 20 determines that all detection windows 
are no longer satisfied. The end-of-cardiac episode time intervals is intended to 
allow the patient to stabilize before initial detection and initial therapy are used 

1 5 again. The episode will be declared complete if the detection windows do not 
become satisfied for a specified time following the last delivered therapy. For a 
•^on-treated (no therapy delivered) the elapsed time required to declare episode 
over (end-of-episode timer) is 10 seconds, for treated where only ATP therapy 
delivered it is 10 seconds, and treated where any shock therapy delivered it is 30 

20 seconds. If any window becomes resatisfied prior to the episode time-period 
being reached, the end-of-cardiac episode timer is rest to zero. It will start again 
when either therapy is delivered or all windows arc not satisfied. Once a cardiac 
episode has been declared complete, the system 20 will apply initial detection 
and therapy to subsequent tachyarrhythmias. When the cardiac episode is 

25 terminated naturally, the cardiac episode is complete when all detection windows 
are no longer satisfied and remain unsatisfied for the duration of an end-of- 
episode time-out. The end-of-episode time-out timer is started ^en all 
detection windows arc no longer satisfied. An end-of-episode time-out is 
intended to allow the patient's heart to stabilize before allowing the progranuned 

30 therapy sequence to restart at the beginning of the algorithm. 

If a rate zone detection window becomes satisfied before an end- 
of-episode time-out is reached, the rate duration time interval associated with 
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that window is reset and the rate zone therapy in the prograimned sequence is 
delivered once the rate duration time interval expires. If the end-of-episode 
time-out is reached and a rate zone detection window has not been satisfied, the 
cardiac episode is terminated. When this occurs, the current rate zone therapy 

5 sequence is terminated and the detection windows are cleared. If any detection 
window subsequently becomes satisfied, a new cardiac episode begins, and the 
analysis process starts again. 

At the start of a cardiac episode the system 20 senses the atrial 
interval rate in addition to the ventricular rate and analyzes the cardia rhythms 

1 0 (both ventricular and atrial) to assess (1) whether the ventricular interval rate is 
or is not greater than the atrial interval rate by at least a bias factor (herein 
referred to as "V>A't-B"), (2) the presence of aUial fibrillation, (3) the onset rate 
of the ventricular arrhythmia (herein referred to as **Onset rate"), and (4) the 
stability of the ventricular arrhythmia (herein referred to as "Stability")' These 

1 5 assessments are made by a series of programmable detection enhancement 
algorithms, which provide information about the nature of the ventricular 
tachycardia and the physiological state of the atria during a detected ventricular 
arrhythmia tachycardia. 

The system 20 can be programmed so that under predetermined 

20 circumstances the detection enhancement algorithms are therapy inhibitors, 
inhibitor overrides, or therapy accelerators of the ventricular tachycardia and 
ventricular fibrillation therapy. Detection enhancements are not available for use 
with the VF rate zone because ventricular fibrillation requires immediate 
treatment to save the patient's life. For a two-zone configuration, certain of the 

25 detection enhancements can be used with the VT rate zone. These include the 
detection enhancements of V>A+B, the presence of atrial fibrillation, Onset 
rate, and Stability (any of which can be used as an inhibitor (explained below) or 
as an accelerator (explained below); although. Stability analysis cannot be 
programmed as both an inhibitor and an accelerator in the same mte zone, but 

30 can be programmed as an inhibitor when other detection enhancements are 

programmed as inhibitors and programmed as an accelerator only when no other 
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detection enhancements arc programmed as inhibitors). Also included is the use 
of a sustained rate duration time-period, which will also be discussed below. For 
a three zone configuration the detection enhancement of Stability as an 
accelerator can be programmed for use with the VT rate zone, and the detection 
5 enhancements of V> A+B, the presence of atrial fibrillation, Onset rate, and 
Stability used as an inhibitor to delivering therapy can be programmed for use 
with the VT*l rate zone. The sustained rate duration time-period can also be 
used with the VT-1 rate zone programming. 

A detection enhancement programmed as a therapy inhibitor can 

1 0 cause the delivery of a satisfied rate zone therapy to be delayed or inhibited if 
certain enhancement criteria are not satisfied at the end of the duration time 
interval. For example, the Onset rate detection enhancement can be programmed 
to inhibit therapy if the patient's heart rate increases gradually, as could occur 
when the patient begins to exercise. Also, the Stability detection enhancement 

15 can be programmed to inhibit therapy delivery if the ventricular rhythm is 
unstable so that the system 20 will inhibit delivering ventricular therapy wlien 
the unstable ventricular rhythm has its origins in the atria, because in order for an 
ATP therapy to be effective, the system 20 must anticipate the occurrence of the 
next beat so as to break into the re-entrant loop of the ventricular tachycardia. 

20 This may not be possible if the ventricular interval varies widely from beat to 
beat. The atrial fibrillation threshold and corresponding ventricular tachycardia 
stability enhancements can be progranmied to inhibit ventricular therapy if the 
atrial rhythm is fast and the ventricular ihythm is unstable. 

A detection enhancement therapy inhibitor may, however, be 

25 overridden by the use of a sustained rate duration (SRD) time-period. The SRD 
time-period is a time interval that is started at the expiration of a duration time 
interval for a satisfied rate zone that is the lowest rate zone in a multiple rate 
zone configuration. The SRD time-period timer can be used in conjunction with 
detection enhancements and it enables the system 20 to override the detection 

30 enhancement therapy inhibitors (atrial fibrillation rate threshold. Onset rate, 
and/or Stability progranuned to inhibit if the ventricular rate is unstable) and 
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deliver th therapy for the satisfied rate zone if the ventricular tachycardia is 
sustained for the programmed SRD timc-period. The SRD time-period is not 
used in conjunction with the Stability detection enhancement programmed as an 
accelerator. 

5 As previously mentioned, the SRD time*period is programmed 

only in the lowest rate zone of a multiple rate zone configuration (e.g., VT for a 
two-zone configuration, and VT*1 for a three rate-zone configuration), and is 
programmed within a range of values of from 10 seconds to 60 minutes, or to be 
off. The SRD time-period is used only when a detection enhancement 

1 0 programmed as a inhibitor is programmed on. If a detection enhancement as an 
inhibitor is inhibiting therapy and the detection window is remaining satisfied, 
the SRD time-period begins at the end of the duration time interval. If the 
detection window continues to remain satisfied during the SRD time-period, the 
programmed therapy will be delivered at the end of the SRD time-period. If the 

1 5 rate accelerates to a higher rate zone and the duration time interval for the higher 
rate zone is satisfied, therapy is initiated without waiting for SRD time period to 
time out 

Detection enhancement can also be programmed as an inhibitor 
override to cause one or more therapy inhibitors to be bypassed and therapy 

20 delivered if certain criteria are satisfied. For example, the V>A+B detection 
enhancement can be used to override the therapy inhibitors described above if 
the system 20 determines that the ventricular rate is greater than the atrial rate 
plus a bias factor. 

Detection enhancements can be programmed as therapy 

25 accelerators to cause an acceleration of a ventricular therapy sequence whereby 
the system 20 skips over any remaining rate zone prescription thCi^ies in the 
programmed sequence for that zone, and delivers the first shock therapy. 
Therapy accelerators accelerate the sequence of therapy by skipping over or 
interrupting an ATP scheme to initiate charging for the first programmed shock 

30 (which may be low or high energy) for the rate zone. The stability detection 
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enhancement can be programmed to accelerate delivery of shock therapy if the 
system 20 determines the rhythm of the ventricle is unstable. 

Referring to Figure 4 there is shown a flow diagram of the 
detection enhancements which can be programmed and enabled within the 

5 system 20. The V>A-f B> Onset rate, and Stability detection enhancements are 
analyzed simultaneously (if at all) following a detection window becoming 
satisfied. The AFib detection enhancement is analyzed following the expiration 
of a duration time interval for a satisfied rate zone. Therefore, Figure 4 should 
not be taken to indicate any order in the analysis of atrial and/or ventricular 

1 0 information. Also shown in Figure 4 are three different possible modifications 
to the therapy delivered to the heart based upon the results of the detection 
enhancements. These possible modifications to the therapy to be delivered 
include the result numbered number 1, which inhibits delivering therapy until the 
SRD time-period has expired; the result numbered number 2, which does not 

1 5 inhibit the delivery of therapy; and the result numbered number 3, which inhibits 
delivering therapy until the SRD time-period has expired or imtil the ventricular 
rhythm becomes stable as assessed by the Stability detection enhancement. 

When the system 20 senses a cardiac episode a detection 
window become satisfied), the system 20 has already analyzed and calculated the 

20 ventricular and tfic atrial interval rates in the ventricular monitoring step 300. If 
a V>A+B detection enhancement 402 is enabled in section 400 of Figure 4, and 
a detected ventricular tachycardia is dissociated {torn the atrium (i.e., the 
ventricular tachycardia is dissociated from the atrium if the ventricular rate is 
greater than the atrial rate by at least a bias factor), the system 20 can make use 

25 of atrial cycle length information to bypass additional programmed detection 
enhancements (e.g., to bypass Onset rate and/or Stability and/or Atrial 
fibrillation as inhibitors) and initiate therapy for the satisfied rate zone, as is 
indicated by the "Treat" symbol 404, 

To determine if the ventricular rate is greater than the atrial rate 

30 by at least the bias factor, the section 400 of the system 20 determines the sum of 
a ventricle set of detected ventricular cycl lengths (e.g., last 10) and the sum of 
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an atrial set of atrial cycle lengths (e g,, last 10) prior to the end of the duration 
time interval. The last 10 atrial intervals prior to the end of the duration time 
interval are assessed after a third fast ventricular interval is detected by the 
system 20. If fewer than 10 atrial intervals are available, then the intervals 
5 available will be used to calculate the average atrial rate. The cycle length sums 
are converted to ventricular rate averages and atrial rate averages by the section 
400. If the ventricular rate average is greater than the atrial rate average by the 
bias factor then the ventricle is determined to be beating faster than the atrium 
and therapy is initiated based on the highest satisfied ventricular rate zone. All 

1 0 other detection enhancements that are active are bypassed if the V>A+B 

detection enhancement is met If the ventricular rate is not greater, then therapy 
is inhibited. The value of the bias factor, B, is programmable in the ranges of 5- 
20 bpm, where 10 bpm is an appropriate number. 

Atrial information can also used in the atrial fibrillation detection 

1 5 enhancement 406 for assessing whether the atria are in a state of atrial 

fibrillation. In fibrillation detection enhancement 406, the system 20 monitors 
the atrial interval rate and compares it to a preprogrammed atrial fibrillation 
( AFib) rate threshold value which is used to determine the existence of an atrial 
fibrillation. Therapy to the ventricles is withheld if the atrial interval rate is 

20 above the AFib rate threshold value and the conduction of the ventricular 
indicates that the underlying cause of a high ventricular rate is due to a 
ventricular response to fibrilladon in the atrium. 

The atria are determined to be in fibrillation in the following 
manner. When the lowest satisfied rate zone's rate duration time interval has 

25 expired^ a first set of atrial intervals, {e.g., the 10 most recent atrial intervals prior 
to the expiration of the duration time interval) arc examined. Each atrial intei /al 
is classified as being either shorter than or longer than the programmed atrial 
fibrillation rate threshold value AFib. If a predetermined majority number (6 of 
the last 1 0 atrial intervals) of the first set of atrial intervals arc shorter than the 

30 atrial fibrillation interval rate threshold value, the atrial rhythm is declared to be 
atrial fibrillation. Ventricular stability is then checked (i.e., when the atrial 
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fibrillation detection enhancement is programmed on, the Stability detection 
enhancement is also activated) and if the system 20 determines that the ventricles 
arc unstable, ventricular therapy will be withheld. In the event that therapy is not 
delivered, the atrial rate will continue to be examined by the system 20 and as 

5 long as a predetermined quorum number {e,g.y 4 of 10 subsequent sets of atrial 
intervals) of subsequent sets of atrial intervals remain shorter than the atrial 
fibrillation interval rate threshold value, atrial fibrillation is detcraiincd to be 
continuing. Atrial fibrillation rate threshold valties can be programmed within 
the ranges of about 250 to 400 bpra, with 250 bpm being a useful value. The 

1 0 atrial fibrillation detection enhancement can also be programmed off. 

The Onset rate detection enhancement 408 measures the rate of 
transition of a ventricular interval rate from a slower sinus rate to tachycardia 
rate. The Onset rate detection enhancement 408 is intended to enable the system 
20 to differentiate physiologic sinus tachycardias, which typically begin slowly 

15 and have a gradual onset, from pathological tachycardias, which typically begin 
in a more abrupt step-like manner. The progranimabte Onset rate detection 
enhancement at 408 is limited to the lowest zone of multiple rate zone 
configuration (e.g., VT for a two rate zone configuration and VT-1 for a three 
rate zone configuration) and may be used in conjunction with the SRD time- 

20 period. 

Referring now to Figure S, there is shown a schematic of a series 
of ventricular intervals used to assess the Onset rate detection enhancement. 
When a detection window becomes satisfied, the system 20 assesses the Onset 
rate enhancement by comparing a cycle length change of a pair of adjacent 

25 ventricular intervals with a programmed onset rate value in a two step procedure. 
In the first step, the system 20 locates a pair of adjacent ventricular intervals 500 
where the cycle length between the ventricular intervals has decreased the most. 
This pair of ventricular intervals 500 is called a pivot point, and it is determined 
using ventricular intervals sensed prior to the start of a cardiac episode 510. 

30 To calculate the pivot point 500, the system 20 begins with the 

interval that initially satisfied the detection window and started the cardiac 
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episode 510. This inlerval is called interval -0, and the system 20 scans up to 26 
previous ventricular intervals looking for the pivot point. Interval differences are 
calculated as (V-V)i„^„j - (V-V) i„«„^.]). where n = -3 to -25. Pivot point 
scanning begins at n = -3, because three intervals are required after a potential 

5 pivot point interval for the stage two evaluation. Pivot point scanning ends at n 
= '25 because six intervals are required before the pivot point for the baseline 
average ventricular rate value calculations. 

A programmed onset threshold value is used in assessing the 
pivot point 500. The system 20 compares the pivot point to the programmed 

1 0 onset threshold value to detemiine if the pivot point has exceeded the threshold 
value. If the pivot point decrease has exceeded the programmed threshold value, 
the system 20 compares the ventricular intervals before and after the pivot point 
to ensure that the overall ventricular rate has changed by more than the 
programmed threshold value. The overall ventricular rate change and the 

1 5 progranuned threshold value arc compared by the system 20 in either absolute 
time^r as a percentage of ventricular interval change. If the pivot point decrease 
is greater than or equal to the programmed threshold value, then the first stage 
test result is considered sudden. The programmable ranges for the percentage 
analysis are between 9 to 50% and for the absolute time analysis are between 50 

20 to 250 milliseconds. The Onset rate enhancement can also be progranmied off. 
The selected Onset rate value represents the minimum difference that must exist 
between ventricular interval rates that arc below the lowest programmed rate 
threshold and the ventricular intervals that arc above the lowest progranuned rate 
threshold. 

25 For a programmed onset threshold in absolute time, the system 20 

compares the pivot point decrease to the onset threshold value using absolute 
time values. If the decrease is greater than the onset threshold value, stage one is 
satisfied. For threshold as a percentage of interval, the comparison is made 
using four of six intervals prior to the pivot point to calculate a baseline average 

30 ventricular rate value, where the Baseline average = ((V-V)^.3j + (W-W)^^^ + 
(V-V)p^.5, +• (V-V) pp(-6)l/4» where the values are seen at 520 on Figure 5. The 
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first two ventricular intervals prior to the pivot point 530 are skipped to avoid 
counting premature ventricular contractions during a rapid sinus tachycardia. 
The baseline average is then multiplied by the onset threshold as a percent to 
convert the threshold into the units of milliseconds (ms). If the pivot point 

5 interval decrease is greater than the onset threshold as a percent of interval in ms, 
then stage one is satisfied, and if not, stage one is not satisfied. 

If stage one is satisfied, the system 20 proceeds to st^c two. In 
stage two, the baseline average 520 is compared to the value of the pivot point 
interval and each of the subsequent three ventricular intervals. If the difference 

10 between the baseline average and at least three of the four intervals (/.e,, the 
pivot point interval and the three ventricular intervals) is greater than or equal to 
the onset threshold value, then the onset is declared sudden. If fewer than three 
intervals arc greater than the onset threshold value, then the onset is declared 
gradual. This test ensures that the ventricular rate has changed by more than the 

1 5 programmed threshold value over a wider set of ventricular interval samples. 

If either stage indicates a gradual onset, ther^y will be inhibited 
in the lowest zone. Therapy will be delivered only if the rate accelerates to a 
higher zone, the SRD time-period timer expires, or information from the atrial 
lead determines that the V> detection enhancement has been satisfied. 

20 Referring again to Figure 4, the Stability detection enhancement 

410 is used to distinguish variable ventricular interval rates from stable 
ventricular interval rates. The system 20 uses the Stability detection 
enhancement 410 to determine the stability of a ventricular tachyarrhythmia 
using a weighted average variance of a series of sensed ventricular intervals. 

25 This degree of variability, when used by itself, may allow the system 20 to 
distinguish atrial fibrillation (which may produce greater R-R variability) from 
monomorphic ventricular tachycardia (MVT) (which is typically stable and pace 
terminable), and also may help differentiate MVTs from ventricular fibrillation 
and polymorphic ventricular tachycardias (which are not typically to pace 

30 terminable). Based on this differentiation, the system 20 can be programmed to 
deliver therapy by programming the stability detection enhancement to inhibit 
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delivering therapy at the termination of the duration time interval if the 
ventricular rate is determined to be unstable. Alternatively, the system 20 can 
deliver therapy when, at the end of the duration time interval, the ventricular rate 
is determined to be stable. Assessment of ventricular rate stability begins when 

5 the duration time interval starts in a satisfied rate zone. 

Referring now to Figure 6, the stability detection enhancement 
uses ventricular interval differences to assess the stability of the ventricular 
rhythm. Both the ventricular interval difFcrenccs and an average difference are 
calculated while the duration tune interval is elapsing. The variance from 

1 0 ventricular interval to ventricular interval (VAR(n)) 600 is determined by 
subtracting each current ventricular interval from the previous ventricular 
interval using one second as the greatest difference where VAR(n) = absolute 
value (RR(n - 1) - RR(n)), The Stability detection enhancement is "seeded" 
(VAR5EE0) by fust determining the average variance of the four interval pairs 

1 5 immediately before the start of duration time interval 610, where VARseed = 
{ V AR( 1 ) + V AR(2) + V AR(3) + VAR(4)]/4. For the first ventricular interval 
620, the Stability detection enhancement calculates the average variance using 
the following weighted average formula: VAR^voCNEW) = VARsbxd * Kvar + 
VAR(5) ♦ (1-Kvar), where: Kvar = 0.875. For each subsequent ventricular 

20 interval, starting after the first interval 620, the Stability detection enhancement 
updates the average variance using the following weighted average formula: 
VAR^,(NEW) = VAR^(NEW.1) • Kvar + VAR(n) • (l-Kvar), where: Kvar = 
0.875 and n=thc current interval number. As each new ventricular interval 
variance is summed into the weighted average, the effect of preceding ventricular 

25 intervals on the avenge variance is diminished. The average variance is updated 
throughout the cardiac episode. If the average variance is greater that the 
applicable stability threshold, then the interval is considered unstable. 

When the duration time interval is satisfied, the Stability of the 
ventricular interval is evaluated by comparing the current average variance to a 

30 programmed stability threshold value. If the average variance is equal to or 
greater than the programmed Stability threshold value, the ventricular rate is 
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declared unstable by the system 20. Stability threshold values are programmable 
Nvithin the range about from 

6 to 120 ms, where 22 ms is a suitable value. The Stability detection 
enhancement can also be programmed OFF. The Stability detection 

5 enhancement is used in conjunction with the atrial fibrillation detection 

enhancement when it is enabled in the same zone of a multi-zone configuration. 

Referring again to Figure 4, when the stability detection 
enhancement is programmed as a therapy inhibitor and an unstable ventricular 
rhythm is detected, the system 20 inhibits delivering therapy to the heart 30 until 

10 the SRD time-period has expired. This is useful for ventricular rhythms 

originating in the atrium that may appear unstable in the ventricle when the rate 
exceeds the lowest rate threshold, but the physician does not intend for those 
rhythms to be treated by the pulse generator. If inhibited, re-evaluation for 
stability continues on each new detected interval. Evaluation for stability 

I S continues for as long as the detection window remains satisfied or until the SRD 
time has expired (if programmed on). If the ventricular rate becomes stable, 
treatment is initiated immediately. The enhancement is evaluated for each 
ventricular interval after the end of duration time interval until the stability 
enhancement is no longer met (i.e., the ventricular rate becomes stable) or the 

20 SRD time-period timer expires. Programming the Stability detection 

enhancement to inhibit delivering therapy if the ventricular rate is unstable is 
limited to the lowest zone of a two- or three- zone configuration. The Stability 
detection enhancement set to inhibit may also be used in conjunction with the 
SRD time-period. 

25 Alternatively, the Stability detection enhancement can be 

programmed to deliver the first shock therapy if the ventricular rhythm 
determined to be unstable. When the system 20 is progranuned to deliver shock 
therapy if the ventricular rhythm is unstable, the Stability detection enhancement 
determines if the remaining ATP therapy should be skipped over in preference of 

30 the first programmed shock therapy (which may be low or high energy) for the 
satisfied rate zone. Dynamic ventricular arrhythmias such as polymorphic VT or 
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VF (that generally respond best lo shock therapy ) may be sensed at a rate lower 
than the highest rate threshold and may be sensed as unstable. Since the sensed 
rhythm may be detected in a lower zone in which ATP may be programmed, the 
Stability parameter may be used to skip over the programmed ATP therapies and 
5 instead provide shocks to the patient Stability is evaluated on each detected 
ventricular cycle, including evaluation between pacing bursts of an ATP scheme. 
Once a shock has been delivered in an episode, this Stability function 
(programmed to shock if unstable ) no longer affects therapy selection. The 
Stability detection enhancement programmed in this manner can be used in the 
1 0 VT zone of a two-zone configuration or three zone configuration. It cannot be 
programmed in this manner in a two zone configtiration if the Stability detection 
enhancement is already programmed to inhibit delivering therapy if the 
ventricular rate is unstable or it the Onset rate detection enhancement is 
programmed on. 

1 5 Referring to Figure 4, the Onset rate and Stability detection 

enhancements programmed as inhibitors may be combined to provide greater 
specificity in characterizing ventricular tachycardias >^ch should not be treated 
by the system 20. The two detection enhancements can be programmed such 
that to initiate therapy, Onset rate AND Stability must be satisfied 450, or such 

20 that either Onset rate or Stability must be satisfied 460. If the combination 
programmed is Onset rate OR Stability, therapy is initiated immediately at the 
end of duration if either parameter is satisfied; that is, the rhythm is sudden or 
stable (the OR condition is satisfied ). If the combination programmed is Onset 
rate AND Stability, therapy is initiated only if parameters are satisfied; that is, 

25 the rhythm is sudden and stable (the AND condition is satisfied). When these 
two combinations (AND/OR ) arc used in conjunction with the SRD time- 
period, and the and/or conditions are not satisfied, thenq^y will be inhibited imtil 
the SRD time-period times out. The Onset rate and Stability inhibitors is limited 
to the lowest zone of a multiple rate zone configuration. 

30 If AFib rate threshold/AFib stability and Onset rate are both 

programmed on, the combination is an AND condition. This is, to initiate 
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therapy the rhythm must have a sudden Onset rate and either the ventricular rate 
must be stable or the atrial rate must be less than the AFib rate threshold. 

Monomorphic VT is an arrhythmia which is likely to be pace 
terminable, and it is sensed as highly stable from beat to beat In contrast, AF, 
5 polymorphic VT, and VF are characterized by erratic or unstable sensed rates in 
the ventricle, and are not generally pace terminable using ventricular pacing. 
When selected by the user and an unstable rhythm is declared, any programmed 
anti-tachycardia pacing therapies is bypassed in order to deliver shock therapy. 
Once a shock has been delivered in an episode the stability as an accelerator 

1 0 function no longer affect therapy selection. Stability as an accelerator is 

evaluated only once at the expiration of the duration time interval and is used in 
the VT rate zone of a multi-zone configuration. 

Referring rww to Figure 7, there is shown an example of the use 
of the detection enhancements according to the present invention. The system 

15 20 is initially programmed with a three zone configuration, where the VF, VT, 
and VT-1 rate zones are enabled. The lower rate threshold for the VF rate zone 
is programmed to 250 bpm, for the VT rate zone it is programmed to 180, and 
for the VT-1 rate zone it is programmed to 120 bpm. The programmed atrial 
fibrillation rate threshold value is programmed to 250 bpm. 

20 The systems 20 is programmed to detect ventricular intervals in a 

shifting series of 10 of the most recent consecutive ventricular R-waves. As 
previously discussed this shifting sampling of ventricular intervals is called a 
detection window. The system 20 assess the sensed ventricular interval in 
relation to each of the rate zones, where as each new ventricular interval rate is 

25 measured by the system 20 it is compared to each rate zone's lower rate 

threshold. The ventricular interval rates are classified as being either a fast or a 
slow ventricular interval with respect to each of the rate zones. For this example, 
the prcdetenrdncd percentage of fast ventricular interval rates within a detection 
window necessary to satisfy a rate zone detection window is programmed to 

30 eighty percent, or 8 of the 10 most recent consecutive ventricular R-waves. 
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By way of this example, it is assumed that the patient's 
ventricular rate has increased from 85 bpm to 150 bpm between a first ventricular 
interval 700 and a second ventricular interval 702. The system 20 continues to 
monitor and classify each detected ventricular interval as either fast or slow with 
5 respect to each programmed rate zone. The system 20 becomes **satisfied" that 
the ventricular rate intervals for the heart are properly classified in the VT-l rate 
zone at 704, as 6 of 10 fast ventricular beats have fallen within the VT-1 rate 
zone. The system 20 then begins the duration time interval and continues to 
monitor the ventricular interval rates within the shifting detection window to be 
10 sure that the ventricular rate interval for the heart remains properly classified in 
the VT-l rate zone. The maintenance percentage for the ventricular interval 
rates in the subsequent detection windows is programmed to be 60 percent, or 6 
of the 10 most recent consecutive ventricular R-waves. 

The duration time interval for the VF rate zone is programmed to 
1 5 I seconds, for the VT rate zone it is programmed to I seconds, and for the VT-l 
rate zone it is programmed to 2.5 seconds. Figure 7 shows a selected region of 
sensed ventricular and atrial intervals surroimding the ventricular interval which 
causes the VT-l rate zone to become satisfied at 704, and it is assumed for this 
example that the VT- 1 rate zone detection window remains satisfied throughout 
20 the duration of it's duration time interval time, and the higher rate zones (i.e. , the 
VT and VF rate zones) do not become satisfied. 

The ventricular tachycardia therapy for the VT-l rate zone is 
progranuned to first deliver an ATP burst therapy then proceed to a ATP ramp 
therapy for its ATP therapy prescriptions. Five cardiovcrting/defibrillation 
25 shocks are programmable into the system 20 for the VT-l rate zone, where the 
first cardioverting or defibrillation shock is programmed at 5 joules and the 
second cardioverting or defibrillation shock is programmed at 10 joules. As 
previously mentioned, the last three potential cardioverting/defibrillation shocks 
are given at the maximum shock output of 29 joules. 
30 Once the detection window contains three fast consecutive 

ventricular beats, the system begins to monitor the atrial intervals and begins to 
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analyze the programmed detection enhancements. All four detection 
enhancements (V>A+B, atrial fibrillation detection, Onset rate, and Stability) 
and the SRD time-period are programmed on, with the Stability and the atrial 
fibrillation detection enhancements being programmed as a therapy inhibitor. 

5 The bias factor, B, is programmed with a value of 1 0 bpm and the SRD time* 
period is programmed with a duration value of 5 minutes. As previously 
discussed, if a detection enhancement as an inhibitor (i.e., the Stability detection 
enhancement for the VT-1 rate zone) is inhibiting therapy and the detection 
window is remaining satisfied for the VT-1 rate zone, the SRD time-period 

1 0 begins at the end of the VT-l rate zone duration time interval. If the detection 
window continues to remain satisfied during the SRD time-period, the 
programmed therapy will be delivered at the end of the SRD time-period. 

Referring again to Figure 7, upon detemiining that the heart has 
satisfied the duration time interval for the VT-l rate zone at 706, the system 20 

15 simultaneoi 'sly analyzes all four programmed detection enhancements. The 
system 20 has detected and analyzed the atrial rate to be 545 bpm and the 
ventricular rate to be 1 50 bpm. The V>A+B detection enhancement is, therefore, 
not satisfied and therapy with respect to the V> A+B detection enhancement is 
inhibited. Concurrent with this assessment, the system 20 also utilizes the Onset 

20 rate detection enhancement to calculate a pivot point as previously discussed. 
By way of this example it is assumed that the system determines that the pivot 
point decrease is sudden according to the procedure described above, therefore, 
stage one of the Onset rate detection enhancement is satisfied. During the 
second stage of the Onset rate assessment, the baseline average value is 

25 compared to the value of the pivot point interval and each of the subsequent 
three ventricular intervals, where, for the example, the system 20 determines that 
the difference between the baseline average and the pivot point interval and the 
three ventricular intervals is greater than or equal to the onset threshold value. 
The onset is, therefore, determined to be sudden. 

30 The ventricular stability is also assessed concurrently with the 

V> A+B and Onset rate detection enhancements by the Stability detection 
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enhancement Stability is assessed as previously discussed and the system 20 
determines that the ventricular rate is unstable. Once the VT-1 duration time 
interval has expired, the system 20 examines and classifies the 10 most recent 
atrial intervals as being either shorter or longer than the programmed atrial 

5 fibrillation rate threshold value. If a majority number of the first set of atrial 
iniervais (6 of the last 10 atrial intervals) arc classified as being shorter than the 
atrial fibrillation rate threshold value AFib, the atrial rhythm is declared to be 
atrial fibrillation. Figure 7 indicates that the 10 most recent atrial intervals after 
the VT-1 duration time interval expired occurred over a 1 100 millisecond 

1 0 interval, which is a atrial rate of 545 bpm indicating the presence of an atrial 
fibrillation. As a result of the atria being in a state of fibrillation and the 
ventricular interval rate being determined to be both sudden and unstable, the 
system 20 inhibits delivering therapy at the expiration of the VT-l rate zone 
duration time interval until either the SRD time-period has expired, until the 

1 5 ventricular interval rate becomes stable, or until the atrial fibrillation criterion are 
no longer satisfied. Alicmativeiy, if the rate accelerates to a higher rate zone and 
the duration time interval for the higher rate zone is satisfied, therapy is initiated 
without waiting for SRD time period to time out. 
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WHAT IS CLAIMED IS: 

1 . A method^ comprising the steps of: 

calculating an average atria] rate from a plurality of sensed atrial 
5 intervals; 

calculating an average ventricular rate from a plurality of sensed 
ventricular intervals; 

if the average ventricle rate is greater than the average atrial rate by at 
least a bias factor for a duration time interval and the heart is experiencing a 
10 ventricular rate above a lower-rate threshold* then applying ventricular 
tachycardia therapy to the heart. 

2. The method of claim 1 , further including the step of: 

if the average ventricle rate is not greater than the average atrial rate by at 
1 5 least a bias factor for a duration time interval and the heart is experiencing a 
ventricular rate above a lower-rate threshold, then determining a state of 
stability of the ventricular intprvals; and 

if the ventricular rate is unstable for a sustained rate duration time 
period exceeding the duration time interval and the heart is experiencing 
20 an atrial fibrillation, applying ventricular tachycardia therapy after the 

sustained rate duration time period; 

if the ventricular rate is stable and the heart is experiencing an atrial 
fibrillation, applying ventricular tachycardia therapy; 

if the ventricular rate is unstable for a sustained rate duration time 
25 period exceeding the duration time interval and the heart is not 

experiencing an atrial fibrillation, applying ventricular tachycardia therapy; 
and 

if the ventricular rate becomes stable during a sustained rate 
duration time period and an atrial fibrillation terminates during the 
30 sustained rate duration time period; delivering ventricular tachycardia 

therapy. 
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3 . The method of claim 2, where the step of detennining a state of stability of 
the ventricular intervals further includes the steps of: 

calculating a ventricular interval diflfercnce from a series of 
individual ventricular intervals sensed within the plurality of ventricular 
5 intervals; 

calculating an average ventricular interval difference from a series 
of individual ventricular intervals sensed within the plurality of ventricular 
intervals; 

determining a variance value, VAR(n), for the sensed ventricular 
1 0 intervals by subtracting a ciurent ventricular interval from a previous 

ventricular interval and taking an absolute value; 

providing an initial ventricular interval variance value, V ARseed* 
by first determining the average variance of four ventricular interval pairs 
immediately before the start of duration time interval 
1 5 calculating a new average ventricular interval variance after the 

start of the duration timer from VARseed * K.var VAR(5) ♦ (l-Kvar), 
where Kvar is equal to 0.875 and VAR(5) is the ventricular interval pair 
following the start of the dimition time interval; 

calculating a subsequent average ventricular interval variance, 
20 VAR,^(NEW), after VAR(5) using a weighted average fonmula: 

VAR.v,(NEW) = VAR^(NEW.l) ♦ Kvar + VAR(n) ♦ (l-Kvar), where 
Kvar = 0.875 and n is a current interval number; 

updating the average ventricular interval variance throughout the 
cardiac episode; 

25 comparing the average ventricular interval variance to a 

programmed stability threshold value, where: 

if the average ventricular interval variance is equal 
to or greater than the a programmed stability threshold 
value, the ventricular interval rate is unstable; and 
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if the average ventricular interval variance is less 
than the a programmed stability threshold value, the 
ventricular interval rate is stable. 



5 4. The method of claim I , where the method further includes the steps of: 
if the ventricular rate has an onset rate below the programmed 
onset rate value, inhibiting applying ventricular tachycardia therapy during the 
sustained rate duration time period. 



10 5 . The method of claim 4, where the onset rate is determined by: 

calculating a baseline average ventricular rate value from four of six 
ventricular intervals prior to a pivot point; and 

comparing the baseline average to the pivot point interval rate and each of 
a series of three ventricular intervals following the pivot point; and 
15 if the difference between the baseline average and at least three of 

any of the series of three ventricular intervals following the pivot point 
and/or the pivot point is greater than or equal to the onset rate value, then 
determining that the onset is sudden; and 

if fewer than three of any of the series of three ventricular intervals 
20 following the pivot point and/or the pivot point are greater than the 

programmed onset rate value, then determining that the onset is gradual. 



6. The method of claim 1, where the average atrial rate is calculated using a 
first set of atrial intervals, and the method further comprises the step of: 
25 identifying an atrial fibrillation after the expiration of the duration time 

interval when more than a predetermined majority number of the first set of atrial 
intervals are shorter than an atrial fibrillation interval rate threshold value, and 
when more than a predetermined quorum number of subsequent sets of atrial 
intervals remain shorter than the atrial fibrillation interval threshold. 
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1. The method of claim 6, where the first set of atrial intervals consists often 
consecutive atrial intervals measured prior to the expiration of the duration time 
interval, the predetermined majority number is six of the first set of atrial 
intervals, and the predetermined quorum number is four of each of the subsequent 
5 sets of atrial intervals. 

8. The method of claim 6, further comprising the step of: 

delivering ventricular tachycardia therapy if the atrial rate is not classified 
as atrial fibrillation and the rapid ventricular rate onset was sudden. 

10 

9. The method of claim 1, where the step of applying ventricular tachycardia 
therapy includes the steps of: 

defining at least one rate zone that categorizes the ventricular intervals, and 
delivering ventricular tachycardia therapy in a manner based on the rate 
1 5 zone in which a first set of ventricular intervals is categorized. 

10. The method of claim 9, where the steps of applying ventricular tachycardia 
therapy includes the step of satisfying the rate zone by having between sixty five 
and ninety five percent of a first set of ventricular intervals &11 within a single rate 

20 zone, and remaining satisfied within the single rate zone by having at least forty 
five percent of subsequent sets of ventricular intervals fall within the single rate 
zone. 

1 1 . The method of claim 1 0, where the step of satisfying a rate zone further 
25 includes the step of starting the duration time interval once a rate zone is satisfied, 

and at the expiration of the duration time interval: 

if the rate zone is defined as a ventricular fLbriUation then 
delivering ventricular fibrillation therapy, and 

if the rate zone is defined as either a mpid ventricular tachycardia 
30 or a ventricular tachycardia starting the duration time period, at the expiration of 
which delivering ventricular tachycardia therapy to the ventricles of the heart 
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\ 2. The method of claim 1 1 , where the step of starting the duration time 
interval further includes the step of resetting the duration lime interval to zero if 
the rate zone fails to remain satisfied within the duration time interval. 

5 13. A implantable cardioverter-defibrillator comprising: 

an atrial catheter having at least one atrial sensing and pacing electrode; 
a ventricular catheter having at least one ventricular sensing and pacing 
electrode, and at least one ventricular defibrillation coil electrode; and 

electronic control circuitry housed within the implantable cardioverter- 
1 0 defibrillator and coupled to the atrial catheter and the ventricular catheter for 
sensing atrial and ventricular cardiac signals, determining atrial intervals and 
ventricular intervals from the sensed atrial and ventricular cardiac signals, and 
calculating an average atrial rate firom the atrial intervals and an average 
ventricular rate from the ventricular intervals, so that: 
15 if an average ventricle rate is greater than an average atrial rate by at least a 

bias factor for a duration time interval and the heart is experiencing a ventricular 
rate above a lower-rate threshold, then applying ventricular tachycardia therapy to 
the heart. 

20 14. The implantable cardioverter-defibrillator of claim 1 3, where the electronic 
control circuitry iiirther determines the atrial intervals and the ventricular intervals 
from the sensed atrial and ventricular cardiac signals, and calculates the average 
atrial rate from the atrial intervals and an average ventricular rate from the 
ventricular intervals, so that: 

25 if the average ventricle rate is not greater than the average atrial nttc by at 

least a bias factor for a duration time interval and the heart is experiencing a 
ventricular rate above a lower-rate threshold, then the electronic control circuitry 
determines a state of stability of the ventricular intervals; and 

if the ventricular rate is unstable for a sustained rate duration time 

30 period exceeding the duration time interval and the heart is experiencing 
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an atrial fibrillation, applying ventricular tachycardia therapy after the 
sustained rate duration time period; 

if the ventricular rate is stable and the heart is experiencing an atrial 
fibrillation, applying ventricular tachycardia therapy; 
5 if the ventricular rate is unstable for a sustained rate duration time 

period exceeding the duration time interval and the heart is not 
experiencing an atrial fibrillation, applying ventricular tachycardia therapy; 
and 

if the ventricular rate becomes stable during a sustained rate 
1 0 duration time period or an atrial fibrillation terminates during the sustained 

rate duration time period; delivering ventricular tachycardia therapy. 



15. The implantable cardioverter-defibrillator of claim 14^ where the electronic 
control circuitry in deteraiining the state of stability of the ventricular intervals: 
1 5 calculates a ventricular interval difference from a series of 

mdividual ventricular intervals sensed within the plurality of ventricular 

intervals; 

calculates an average ventricular interval difference from a series of 
individual ventricular intervals sensed within the plurality of ventricular 
20 intervals; 

determines a variance value» VAR(n), for the sensed ventricular 
intervals by subtracting a current ventricular interval from a previous 
ventricular interval and taking an absolute value; 

provides an initial ventricular interval variance value, VARjqpyn, by 
25 first determining the average variance of four ventricular interval pairs 

immediately before the start of duration time interval; 

calculates a new average ventricular interval variance after the start 
of the duration timer from WARs^ ♦ Kvar + VAR(5) ♦ (l-Kvar), where 
Kvar is equal to 0.875 and V AR{5) is the ventricular interval pair 
30 following the start of the duration time interval; 
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calculates a subsequent average ventricular interval variance, 
V AR.v4(NEW), after VAR(5) using a weighted average formula: 
VAR,^(NEW) = VAR,„(NEW-1) * Kvar + VAR(n) • (1-Kvar), where 
Kvar = 0.875 and n is a current interval number; 
5 updates the average ventricular interval variance throughout the 

cardiac episode; 

compares the average ventricular interval variance to a 
programmed stability threshold value, where: 

if the average ventricular interval variance is equal 
10 to or greater than the a programmed stability threshold 

value, the ventricular interval rate is unstable; and 

if the average ventricular interval variance is less 
than the a programmed stability threshold value, the 
ventricular interval rate is stable. 

15 

16. The implantable cardioverter-defibrillator of claim 13, where the electronic 
contr ■ circuitry inhibits applying ventricular tachycardia therapy during the 
sustained rate duration time period if the ventricular rate has an onset rate below 
the progranuned onset rate value. 

20 

17. The implantable cardioverter-defibrillator of claim 16, where the electronic 
control circuitry calculates a baseline average ventricular rate value from four of 
six ventricular intervals prior to a pivot point; and compares the baseline average 
to the pivot point interval rate and each of a series of three ventricular intervals 

25 following the pivot point; and 

determines that the onset is sudden if the difference between the 
baseline average and at least three of any of the series of three ventricular 
intervals following the pivot point and/or the pivot point is greater than or 
equal to the onset rate value; and 
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determines that the onset is gradual if fewer than three of any of the 
series of three ventricular intervals following the pivot point and/or the 
pivot point arc greater than the progranuned onset rate value. 

5 18. The implantable cardioverter-defibrillatOT of claim 13, where the electronic 
control circuitry calculates the average atrial rate using a first set of atrial 
intervals, and identifies an atrial fibrillation after the expiration of the duration 
time interval when more than a predetemiined majority number of the first set of 
atrial intervals are shorter than an atrial fibrillation interval rate threshold value, 
10 and v/hm more than a predetermined quorum number of subsequent sets of atrial 
intervals remain shorter than the atrial fibrillation interval threshold. 

1 9. The implantable cardioverter-defibrillator of claim 1 8, where the first set 
of atrial intervals consists of ten consecutive atrial intervals measured prior to the 

15 expiration of the duration time interval, the predetermined majority number is six 
of the first set of atrial intervals, and the predetermined quorum nimiber is four of 
each of the subsequent sets of atrial intervals. 

20. The implantable cardioverter-defibrillator of claim 18, where the electronic 
20 control circuitry delivers ventricular tachycardia therapy if the atrial rate is not 

classified as atrial fibrillation and the rapid ventricular rate onset was sudden. 

21 . The implantable cardioverter-defibrillator of claim 1 3, where the electronic 
control circuitry has at least one rate zone that categorizes the ventricular intervals 

2S and delivers ventricular tachycardia ther^y in a marmer based on the rate zone in 
which a first set of ventricular intervals is categorized. 

22. The implantable cardioverter-defibrillator of claim 21 , where the electronic 
control circuitry delivers ventricular tachycardia therapy once a rate zone has 

30 between sixty five and ninety five percent of a first set of ventricular intervals fall 
within a single rate zone, and remains satisfied within the single rate zone by 
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having at least forty five percent of subsequent sets of ventricular intervals fall 
within the single rate zone. 

23. The implantable cardioverter-defibrillator of claim 22, where the electronic 
5 control circuitry starts the duration time interval once a rate zone is satisfled, and 

at the expiration of the duration time interval: 

if the rate zone is defined as a ventricular fibrillation then 
delivering ventricular fibrillation therapy, and 

if the rate zone is defined as either a rapid ventricular tachycardia 
10 or a ventricular tachycardia starting the sustained rate duration time period, at the 
expiration of which delivering ventricular tachycardia therapy to the ventricles of 
the heart. 

24, The implantable cardioverter-defibrillator of claim 23, where the electronic 
1 5 control circuitry resets the duration timer interval to zero if the rate zone fails to 

remain satisfied within the duration time interval. 
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